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Abstract 
Pre-extraction of hemicellulose from wheat straw using alkaline cooking process was performed while the extract 
was enzymatic hydrolyzed and decolorized, and then the residual material after pre-extraction was cooked 
subsequently by soda pulping process. After that, the yield and characteristics of xylo-oligosaccharides (XOS) were 
analyzed, and the properties of the pulp and black liquor were also determined. The results indicate that the optimal 
dosage of alkali in the pre-extraction stage is 6%，the yield of XOS reaches to 40.45 kg/t, and the degree of 
polymerization (DP) of XOS is 2.32. The yield of the subsequent soda pulp with lower NaOH charge is 378.1 kg/t, its 
Kappa number and viscosity are similar to the control pulp, brightness, breaking length, tear index and folding 
endurance are higher than those of control. The viscosity of the black liquor is lower, and its gross calorific value is 
higher than that of control, over 15MJ/kg. 
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Nomenclature 
A XOS                        xylo-oligosaccharides 
B  DP                           degree of polymerization 
1. Introduction 
Biomass comprehensive utilization is a process that converts the renewable biomass to high valued 
fuels, energy, chemicals and bio-based materials. Pulp and paper industry is the earliest industry in large-
scale utilization of biomass around the world, which has the basic equipments and practical experiences 
of collecting, treating and processing biomass. The combination of biorefinery and pulp & paper 
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technology has been hot spot [1]. For example, Canada has indentified biomass comprehensive utilization 
as the sunrise industry [2]. 
As one of the largest quantities of agric-residual resources, wheat straw has been applied in the pulp 
and paper industry in China for several decades. ‘Rational using of non-wood lignocelluloses resources’ 
is one of the policies of China paper industry [3]. It is estimated that the annual output of wheat straw is 
approximately 80 million tons these years, but the amount of wheat straw that used for pulping is less 
than 20% of the total [4].  
Wheat straw has some obviously differences in chemical composition and structure from wood: its 
lignin has lower molecular weight, higher dispersion degree and more labile bond; the degrees of 
polymerization of cellulose and hemicellulose are lower [5]. Therefore, wheat straw has lower activity 
energy of delignification [6]. Although the fibre quality of wheat straw is not as good as wood, it is more 
easily to be pulped. The alkali recovery system which used to recover energy and soda usually operates 
more difficult for the reasons of high viscosity and easy to scaling of the black liquor [7]. Besides, 
researchers [8] find that the gross heating value of hemicellulose (about 13.6MJ/kg) is half of the lignin 
(about 27MJ/kg), removing part of the hemicellulose from wheat straw before conventional pulping 
process may obtain higher heating value black liquor, and the pulp strength could also be improved [9]. 
The hemicellulose of wheat straw is compromised mainly by pentosan (mainly xylose, with a small 
quantity of glucose, arabinose, galactose and mannose) [10]; which could be the raw material of 
producing XOS. XOS is a kind of popular functional oligosaccharide linked by β-1, 4 glycoside bond by 
2~7 xylose unit, while includes mainly xylobiose and xylotriose, which are the most important part of 
promoting the proliferation of bifidobacterium and improving immunity [11]. It is believed that XOS 
could be widely used in the field of food, medicine, feed and agriculture as a safe and effect addictive. 
The typical raw materials to produce XOS are hardwood, corncob, sawdust, bagasse, grain hull and bran.  
The first step of producing XOS is to extract pentosan, the routine methods include high temperature 
water hydrolysis, acidic hydrolysis, alkaline hydrolysis and enzymatic hydrolysis, in which alkaline 
hydrolysis is widely used [12]. This study introduced alkaline pre-treatment to extract part of pentosan to 
produce high valued XOS, and then, the residual material after pre-extraction was cooked subsequently 
through soda process, and the performance of pulp and black liquor was analyzed.  
2. Experimental 
1.1. Materials 
Wheat straw, which was collected from Shandong province in China, was stored for 3 months, and cut 
to 3~5cm length before use; xylanase was purchased from novozyme Co., and its enzyme activity is 
10000U/ml; active carbon was purchased from changxing Co. in Shanghai, China, which was passed 300 
mesh. 
1.2. Pre-extraction 
Pre-extraction was performed in laboratory electricity rotary autoclave with the process conditions are: 
NaOH dosage 0, 2％, 4％, 6％, 8％ and 10％, solid-to-liquid ratio 1:6, the maximum temperature 130℃, 
heating time 30min. The extract was obtained by centrifuged for further use, and the residue solid was 
washed, dewatered and stored for analysis and subsequent pulping. 
1.3. Preparation of XOS  
The extract was firstly adjusted to pH 4 by acetic acid, and then centrifuged for 15min under  
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10000r/min. The supernatant was separated and adjusted again to pH 7, and then treated by xylanase with 
the process conditions are: enzyme dosage 0U/g (based on xylan, also below), 10U/g, 20U/g, 30U/g, 
40U/g and 50U/g, the temperature 50℃ , reaction time 12h, rotation speed 150r/min. Then, after 
sterilization, added active carbon in and treated for 30min under 150r/min rotation speed. At last, 4 times 
volume alcohol was added to precipitate the supernatant after centrifugation, and the crude XOS was 
obtained from air dried precipitation after another centrifugation. 
1.4. Soda cooking 
Soda cooking of residual solid was carried out, the process conditions were: NaOH dosage 10％, solid-
to-liquid ratio 1:5，the maximum temperature 150℃, heating time 1h. The original wheat straw was also 
cooked to make control pulp under the same conditions above besides NaOH dosage of 16%. The 
resulting pulp was washed, dewatered and stored for further use; the black liquor was collected for 
determination. 
1.5. Screening, beating and handsheet preparation 
The resulting pulp was screened on a 0.25mm slot screen, and then the screened pulp was beated to 
45°SR in Valley beater, the 60g/m2 basic weight handsheet was finally prepared on Rapid-KÖthen sheet 
former. 
1.6. Determination 
Extract: pH, total solids, residue alkali, content of pentosan and dioxane lignin; 
XOS: yield, average degree of polymerization (DP) and decolorizaton rate; 
Pulp: yield, Kappa number, viscosity and brightness; 
Handsheet: breaking length, tearing strength and folding strength; 
Black liquor: total solids, content of organic material, viscosity and gross calorific value. 
1.7. Flow chart 
 
Fig. 1. Flow chart of the experiment 
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2. Results and discussion  
2.1. Pre-extraction 
2.1.1. Determination 
Table 1 shows the results of determination of the solid and extract. With the increase of the NaOH 
dosage, the yield of the solid decreases fast, For the extract, pH and TS increase obviously, residue alkali 
is not detectable when the NaOH dosage is below 4%, and then increases gradually when the dosage is 
above 6%; the content of pentosan and lignin in extract also grow fast below the dosage of 6%, after that, 
the growth becomes mild. 
Table 1. The results of determination of the solid and extract 
NaOH dosage (%) 0 2 4 6 8 10 
Solid Yield (%) 88.92 88.00 75.79 64.45 59.86 54.04 
Extract 
pH 4.84 6.46 9.37 10.44 11.28 12.07 
Total solids (g/L) 25.24 29.27 50.89 70.81 83.98 91.69 
Residue alkali (g/L) 0 0 0 0.41 1.69 3.31 
Pentosan (kg/t raw material) 5.64 6.78 64.02 72.24 81.18 85.38 
Lignin(kg/t raw material) 3.00 4.68 31.8 54.36 63.60 64.26 
 
Fig. 2. The correlation between the extraction ratio of pentosan and NaOH dosage 
2.1.2. Extraction ratio of pentosan 
Formula 1 shows the calculation method of the extraction ratio of the pentosan, in which the pentosan 
content of raw material was determined in accordance with the method of TAPPI T223. The relationship 
between the extraction ratio of pentosan and NaOH dosage is demonstrated in Figure 2. With the increase 
of the dosage, extraction ratio of the pentosan rises rapidly below dosage at 6%, above that, extraction 
ratio rises slowly. 
 
100%
alraw materiontent of pentosan c
extractontent of pentosan c ratioExtraction ×=                                                              (1) 
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2.2. XOS preparation 
2.2.1. Separation and enzymolysis of extract 
To sum up, under the condition of NaOH dosage at 6%, results are reasonable in accordance with the 
technological and economic requirements. The extraction ratio of the pentosan is 30.61%; and the content 
of pentosan is 72.24kg/t based on oven dried wheat straw. Precipitation with acetic acid separates lignin 
and other substance from the extract, leaving mainly polysaccharides, the yield of pentosan in this process 
is 62%. 
The effective components of XOS are xylobiose and xylotriose, so further hydrolysis is necessary to 
gain high quality production. The characteristic of XOS is evaluated by average degree of polymerization 
(DP), which is shown in formula 2. Researches find the XOS with the DP of 2~3 may meet with the 
requirements [13]. 
 
 pentosecontent of
 pentosancontent ofDP =                                                                                                                    (2) 
 
Fig. 3. The correlation between DP and xylanase dosage 
Figure 3 shows the correlation between DP and xylanase dosage. With the increase of the xylanase 
dosage, DP of XOS decreases. When the dosage of xylanase rises from 0 to 30U/g, DP decreases 
significantly from 7.57 to 2.32, later while the dosage changing from 30 U/g to 50U/g, it decreases slowly. 
Therefore, the optimal dosage of xylanase is 30U/g, and the DP of XOS is 2.32. 
Table 2. The results of activity carbon adsorption process  
Activity carbon dosage(g/g TS) 0.15 
Decolourization ratio (%) 87.5 
Yield of XOS (%) 91.5 
2.2.2. Decolourization and purification of XOS 
Generally, degradation product of lignin, caramel and small molecular extract component contribute a 
lot to the colour [14]. There are several decolour methods such as adsorption, flocculation and 
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ultrafiltration. This study adopts activity carbon to adsorb colour, and the results are showed in Table 2. 
The decolourization ratio of adsorption is calculated with formula 3. 
100%
on(420nm)colorizati before deabsorbance
n(420nm)olorizatio after decabsorbanceon(420nm)colorizati before deabsorbancetion ratioDecoloriza ×−=
        (3) 
It is observed from Table 2 that under the condition of the active carbon dosage at 0.15g/g (based on 
the total solids), the decolourization ratio is 87.5%, yield of XOS in this process is 91.5%. So the total 
yield of XOS is 72.24kg/t×61.2%×91.5%=40.45kg/t, while the DP is 2.32. 
2.3. Soda cooking  
2.3.1. Effect of the pre-extraction on pulp properties  
Table 3. The properties of the pulp  
NaOH dosage in pre-extraction (%) control 0 2 4 6 8 10 
NaOH dosage in cooking (%) 16 10 10 10 10 10 10 
Pulp 
Yield of crude pulp (%) 46.97 46.17 45.81 42.95 41.70 40.98 39.41 
Yield of screen pulp (%) 43.05 41.58 39.83 38.21 37.81 37.54 36.79 
Kappa number 18.9 27.4 23.3 18.5 18.0 15.2 14.4 
Whiteness(％ISO) 33.8 27.3 32.9 36.1 37.0 37.7 40.4 
Viscosity(ml/g) 853 729 756 816 847 880 898 
Handsheet 
Breaking length(km) 6.61 7.90 8.29 8.38 8.31 7.90 7.43 
Tearing index(mN/m⋅g) 3.13 3.32 3.68 3.80 3.77 3.86 3.93 
Folding endurance(times) 454 859 777 712 581 484 467 
Table 3 shows the results of the pulp properties, with increasing of the NaOH dosage in the pre-
extraction stage, pulp yield and Kappa number decrease gradually, but brightness and viscosity increase 
slightly. The breaking length, tearing index and folding endurance of the handsheet are all relatively 
higher than those of control. When 6％ dosage is used, they are increased by 25.7％, 20.4％ and 28.0％ 
respectively. 
In general, because of the swelling and dissolution of both hemicellulose and lignin in pre-extraction, 
it is more easily of for the cooking liquor to impregnate to the residue wheat straw compared to the 
control, and the pulp properties are better than those of control while the NaOH dosage is at 6％.  
2.3.2. Effect of the pre-extraction on black liquor 
Table 4. The properties of black liquor  
Dosage of alkali (%) control 0 2 4 6 8 10 
Total solids (g/L) 102.40 124.21 121.44 109.75 100.78 96.27 67.39 
Viscosity(cp,50℃,15°Be′） 14.53 14.34 13.91 13.48 13.12 12.89 12.66 
Organic/inorganic ratio 1.52 3.76 2.81 2.67 2.02 2.19 2.44 
Gross calorific value(MJ/kg) 12.62 14.93 15.37 15.54 15.18 14.68 14.31 
From Table 4, compared to the control, the viscosity of black liquor in 50℃ and 15°Be′ is lower, 
organic/inorganic ratio and gross calorific value are higher. While the dosage is at 6％, the viscosity 
decreases by 9.70％, gross heat value increases by 20.28％, up to 15MJ/kg. It is can be inferred that the 
pre-extraction of part of the pentosan, lignin and inorganic material decreases the content of the fines and 
XU Ming et al. / Energy Procedia 16 (2012) 939 – 945 945 Author name / Energy Procedia 00 (2011) 000–000  
ash in the black liquor, thus decreases the viscosity. Lower dosage of alkali makes organic/inorganic ratio 
larger, which is favour to increase the calorific value. It is of great benefit for alkali recovery system 
which black liquor has lower viscosity and higher gross calorific value. 
3. Conclusion 
The optimal NaOH dosage of the pre-extraction is 6％ , through separation, enzymolysis and 
decolorization treatment of the extract, yield of the XOS is 40.45 kg/t while DP is 2.32. 
After soda cooking process, the screened pulp yield is 378.1kg/t, Kappa number and viscosity are 
similar to the control, whereas brightness is higher slightly. The breaking length, tearing index and 
folding endurance of the handsheet promote at different level. The viscosity of black liquor in 50℃ and 
15°Be′ is lower, organic/inorganic ratio and gross calorific value are higher.  
It is expected that the combination of pre-extraction of hemicellulose and pulping process may have 
great prospect. 
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